We employ a Bayesian method to estimate a time-varying coefficient version of the de facto currency basket model of Frankel and Wei (2007) for the RMB of China, using daily data from February 2005 to July 2011. We estimate jointly the implicit time-varying weights of all 11 currencies in the reference basket announced by the Chinese government. We find the dollar weight has been reduced and is sometimes significantly smaller than one, but there is no evidence of systematic operation of a currency basket with a discernable pattern of significant weights on other currencies. During specific periods, the reduced dollar weight has not been switched to other major international currencies, but instead to some East Asian currencies, which is hard to explain by trade importance to or trade competition with China. We examine currency baskets of these East Asian Economies, which include major international currencies and the RMB in their baskets. We find an evident tendency of Malaysia and Singapore to increase the weights of RMB in their own currency baskets, and a continuously significant positive weight of RMB in the basket of Thailand. These findings suggest that the occasionally positive weights of some East Asian currencies in RMB currency basket reflects the positive RMB weights in these East Asian currency baskets, as these East Asian economies have been systematically placing greater weights on RMB under the new regime of RMB exchange rate.
Introduction
One of the central economic issues of the past decade is global imbalance, which features substantial US deficits and Chinese surpluses. Much of the related concern is about China's exchange rate regime.
The international consensus and pressure are for China's currency, the yuan (RMB), to appreciate, but there is no easy answer concerning the proper extent of appreciation. While the Chinese government has allowed the RMB to float within a narrow band since July 2005, the pace of adjustment is slow and the mechanism lacks of transparency. Understanding the changing regime and its significance are of great importance to the international community. This paper sheds light on these issues following a brief review of the background and related research.
The remarkable economic boom of China has been one of the most important economic phenomena of the past three decades. In 1978 when China launched economic reform, the total volume of China's foreign trade was a mere of $21 billion. It increased to $1.1 trillion in 2004 (Branstetter and Lardy, 2008) , equivalent to an average annual growth rate of 15% for more than two decades. China has become the second largest economy in terms of GDP, trade volume and the volume of foreign direct investment.
Meanwhile, China has long operated a dollar-pegged exchange rate regime, even after a highly successful opening up to foreign trade and investment. For example, the USD/CNY exchange rate was almost fixed The aforementioned policy change has attracted much attention in assessing China's de facto exchange rate regime. For example, Shah and Patnaik (2005) found no evidence to support a basket peg in the daily Chinese exchange rates from July to October in 2005. Extending the data coverage toJanuary 2006, Ogawa and Sakane (2006) found a statistically significant but small change in China's policy for the RMB/USD exchange rate, whereas the currency basket system was not explored in their paper. Frankel and Wei (2007) is the first paper to assess China's de facto exchange rate regime and to identify the implicit weights of other currencies in the basket, to determine the value of the RMB. By regressing changes in the logarithm value of the RMB on changes in the logarithm values of the candidate currencies, Frankel and Wei (2007) showed that, from July 2005 to the end of 2006, the weight of the USD was still fairly heavy, although some Asian currencies load significantly positvely in the subsamples of the first half of 2006. Furthermore, they found some empirical evidence that the implicit weight of the USD was related to the pressure from the bi-annual US Treasury reports. Extending the examination period to 2007, Frankel and Wei (2008) found that a simple dollar peg regime dominates over most of the period. Frankel (2009) found evidence that, during the period from July 2005 to 2008, the RMB basket began a substantial switching of weight from USD to EUR, KRW or JPY, when only these four major currencies were included in the regression; but when other currencies were included, the MYR became the most influential after the USD. Finally, Fidrmuc (2010) The previous literature indicates that the currency weights of the RMB basket are time-changing and that the sample periods and currency choices are important for the results. In this paper, we employ the random coefficient model to identify the time-varying de facto weights of the RMB currency basket using daily exchange rate data from February 2005 to July 2011. Although the USD weight was overwhelmingly heavy during most of the sample period, we find evidence that the USD weight has been reduced and was 3 at times significantly less than one. In particular, we find that much of the lost weight on USD moved to the weights on some Asian currencies rather than to the major international currencies such as EUR, JPY or GBP.
The significant Asian currency weights found in our study echo some sets of results in Frankel and Wei (2007) in that only weights of USD and MRY were significant in their sample between 2005 and 2007. But the explanation of the significance of MRY weight is not convincing in the paper. In our paper, we look at this issue from the side of East Asian economies in the potential adjustment of their own currency basket weights under the backdrop of China's changing exchange rate regime, and find firm evidence that the RMB has become increasingly important in determining the Asian currency values.
We find a tendency of Malaysia and Singapore to increase the weights of RMB in their own currency baskets, and a continuously significant positive weight of RMB in the basket of Thailand. The results explain the positive coefficients in a bilateral regression when the RMB currency value is the dependent variable and the Asian currency values are explanatory variables. Despite the lack of transparency in the currency basket of China, these Asian economies have swiftly prepared themselves for a more flexible RMB.
Compared to the existing literature, our paper contributes in three ways. Firstly, the random coefficient model adopted in the paper can not only efficiently utilize the whole sample information but can also accommodate the time-varying features. While learning about the evolution of China's de facto exchange rate regime is of capital importance in this literature, most existing studies estimate the time-varying weights by using sub-samples and rolling regressions, which are subject to information inefficiency of short sample and biased estimates due to uncertainties in subsample division. In a transition from fixed exchange rate to a more flexible regime, both smoothed change and abrupt breaks can happen in the process such that the constant coefficient model is subject to biased estimator. For example, Cai, Chen and Fang (2012) detected some structural breaks in the daily log return of Chinese exchange rate.
The random coefficient model used in this paper is not only capable of capturing smoothed change in parameters, but can also detect sudden breaks effectively, by fully utilizing the whole sample information.
Secondly, by including all eleven currencies in the officially announced currency basket of RMB and using a Bayesian sampling method, our paper avoids some potential problems of Fidrmuc (2010) , where only three international currencies are included in the time-varying regression using Maximum Likelihood Estimation (MLE) with Kalman filter. Excluding relevant currencies in the basket may lead to the problem of omitted variables. The MLE using Kalman filter encounters numerical difficulty regarding high dimension optimization, when a large set of latent variables, i.e. currency weights, are involved.
Lastly, our paper echoes the debate in the literature about whether and why some Asian currencies gain the lost weight on the USD, even though they are not strategically as important as the major international currencies in terms of both trade and capital flows. We attribute the phenomenon of increasing weights on these Asian currencies to the tendency of these Asian emerging markets to increase the weight of the RMB in their own currency baskets. The results provide insight into the influence and consequence of the changing regime of China's exchange rate.
The rest of the paper is organized as follows. Section 2 presents the time-varying coefficient regression for currency basket with a model of the RMB currency basket and a model of the currency basket for Asian economies, as well as the estimation methodology. Section 3 describes the data. Section 4 presents the estimation results. Section 5 concludes.
Time-varying Coefficient Regressions for Currency Basket

Model of RMB Currency Basket
Linear Model with Constant Coefficients
To discover the opaque currency basket weights of RMB, Frankel and Wei (2007 ) and Frankel (2009 regressed the change in RMB exchange rate with respect to a numeraire on changes in exchange rates of the basket currencies with respect to the same numeraire. A candidate numeraire currency is the SDR. To allow for the likelihood of trend appreciation, a constant term is included in the regression.
where α, β 1 , β 2 ...β n are currency weights. Frankel and Wei (2008) include a detailed discussion of this setup. When there is no clear information on the composition of the basket available, major international currencies are usually included as regressors.
Assuming that the explanatory variables are all the currencies in the basket, the weights should sum up to one, so that α = 1− β 1 − β 2 ... − β n holds as a constraint, under which the above equation can be transformed to the following OLS regression by subtracting ∆ log U SD t from both sides
In this transformed equation, the left hand side is the change in RMB/USD, and the right hand side involves changes in exchange rates of other currencies with respect to the USD. Frankel and Wei (2008) obtained similar results in the unconstrained and constrained regressions.
Frankel and Wei (2007) and Frankel (2009) estimated the weights for several subsamples to uncover the patterns of the weight changes in the RMB currency basket. However, the results are dependent on the choice of sample division and influenced by sudden events in the subsamples.
Time-varying Coefficient Model
To overcome the problems of subsample OLS regressions and efficiently utilize the information of the whole sample, we employ time-varying coefficient regression to model the dynamic weights of the basket currencies:
Since we assume that for China the equation includes all relevant currencies in the basket so that sum of weights is equal to 1, α t = 1− β 1t − β 2t ... − β nt , we obtain the time-varying coefficient model
We assume that the time-varying parameters of currency weights follow a random walk process:
with var(ε jt ) = σ 2 εj . The random walk is appropriate to model the dynamics when there are possible structural changes or nonstationary trend, which are highly likely in a transition from a pegged to USD exchange rate to managed floating with respect to a currency basket.
As for the intercept c t , which reflects adjustment speeds when the RMB value trended steadily, we use a dummy variable to incorporate the characteristics of two visible regime trends of the RMB/USD exchange rate. As shown in Figure 1 
Currency Basket Model for Asian economies
We will use the unconstrained representation to study how the Asian currency values have targeted at international currencies and the RMB since July 2005, when RMB became more flexible with respect to the dollar. This exercise will help us to understand the "puzzling" result of currency weights in the officially announced RMB basket, as noticed by Frankel and Wei (2007) . In these regressions, we explain the value change in an Asian currency by weighted value changes in international currencies, USD, EUR, JPY and GBP, and the RMB.
Taking the Korean won as an example, the regression equation is
This unrestricted setup is more appropriate than the constrained one, as we do not have information on the exact basket currencies. Again we model the time-varying weights as random walk processes.
Since we do not have information on the possible trends of exchange rates in these economies, we keep c constant.
Estimation of the Time-varying Coefficient Model of Currency Baskets
Given the dynamics of the weights, equations (4) and (5) fit naturally into the state-space framework.
The states here are the time-varying weights evolving as random walks. The time-varying latent states can be estimated by Kalman filter in the traditional Maximum Likelihood estimation (MLE). However, 1 In fact, whether introducing a dummy for the intercept c or keeping it constant the results are fairly similar to those for the time-varying weights. This indicates that once we allow currency weights to be time-varying, the adjustment speed of change in exchange rate is incorporated in the changes in weights. We will report the results of both cases.
7 due to the high dimensionality of this system where a total of eleven state variables need to be filtered out, MLE is subject to enormous difficulty with the numerical computation of the global optimum. To overcome this problem, we utilize Bayesian inference with a Gibbs sampler to elicit posterior distributions of the parameters and latent variables under proper prior assumptions and data information.
We choose the normal-gamma distribution for the prior distribution of α 1 and α 2 , i.e., α i ∼ N (μ i ,σ Table 1 provides the descriptive statistics for the log-differences of the selected exchange rates.
We test for stationarity using the ADF as well as KPSS test, and test for cointegration using Johansen test under the null of a constant term. 
Results
In our estimation, we have set the total number of draws at 6000, with the first 1000 draws as burnins to be discarded in order to reduce the effects of intial values in the Gibbs sampler. The prior and posterior parameter values are given in Table 4 , for two specifications, with and without regime dummy. In our time-varying coefficient model, the intercept term c t is insignificant in both cases, and the coefficient of dummy α 2 is very small and also insignificant. These indicates that our time-varying coefficient model and empirical results are not sensitive to changes in the regimes of appreciation trend in the RMB/USD exchange rate dynamics. The appreciation speed of the exchange rate has been incorporated into the changes in weights.
Estimated Weights in the RMB Currency Basket
To visualize the time-varying weights intuitively, we plot the median estimates over time along with the 95% probability interval.
We first present in Figure 2 the time-varying weight on the US dollar. It is still dominant over other currencies, on average accounting for 85% of the value change in RMB, which confirms the impression of the RMB/USD dynamics given in Figure 1 . There are three major periods when the weight is significantly below one: (1) The above results echo the findings in Frankel and Wei (2007) and Frankel (2009) in that:
1) The RMB did relax its peg to the US dollar since July 2005, although a rigid peg was resumed during the financial crisis, and the weight has been constantly below one with high probability, and significantly below one during some periods.
2) Besides the relaxation of the dollar peg, there is no systematic pattern of currency weights discovered for the claimed currency basket.
3) When the dollar weight decreases, it is not the case that the weights of the other major international currencies increase, but that the weights of some East Asian currencies increase.
While the first two points are intuitive and in line with what the market observes, the last point is not obvious without close examination, neither is the explanation straightforward.
Concerning the significant weight of the Malaysia ringgit from a linear regression with 2005-2007 data, Frankel and Wei (2007) suggest that a possible reason is that the Chinese government sought to preserve its trade competitiveness against other Asian rivals. But the explanation is not fully justified in terms of the importance of bilateral trade with Malaysia or trade competition with Malaysia, when other trade partners, especially some other important East Asian economies, are also included in the regression. In the normative study of Zhang, Shi and Zhang (2011) to construct optimal currency basket for China with the policy goal of stablizing its balance of payment, they find that, although diversification is beneficial, the bulk weight of RMB currency basket should be placed on euro and Japanese yen in addition to the
In what follows, we offer an explanation via a mutual regression by regressing exchang rate changes of the Asian economies on RMB's exchang rate variation, controlling for major international currencies.
Weights of RMB in the de Facto Currency Baskets of East Asian Economies
In a bilateral relationship between a dependent and an explanatory variables, say y and x, the regression coefficient in a linear model always closely reflects the covariation ( To verify this hypothesis, we run a regression for equation (6) to discover the weights of international currencies and the RMB for the Korean won. We assume that its currency basket includes the four major international currencies, USD, EUR, JYP and GBP, plus the RMB. The reference currency is SDR. Although RMB and USD are highly correlated, the fact that it is not a case of strict pegging after July 2005 renders independent the variation of the RMB value with respect to the US dollar, which enables the estimation. We run the regression also with other East Asian currencies -RUB, MYR, SGD and THB -to elicit weights in the currency basket of each.
Figures 5 to 9 plot the results of the de facto currency baskets for these five Asian economies in turn.
Each figure presents the regression coefficients of all five weights for USD, EUR, JYP, GBP and RMB in the basket.
We have shown in Figure 4 that the KRW and RUB actually do not often show significant weights.
In Figure 5 , the result of the regression of KRW on RMB as one of the basket currencies also shows no evident relationship between them. Though in Figure 6 , the RMB does start to load positively on the RUB at the end of the sample, i.e. in 2011. The above results demonstrate that some East Asian economies, whose weights tend to pick up in the de facto RMB currency basket, have a strong tendency to increase the RMB weights in their own currency baskets. Higher weights of the RMB in the currency baskets of these East Asian currencies result in higher weights of Asian currencies in the de facto RMB currency basket when the US weight drops, as the relationship is bilateral in the two way regression.
These results suggest that these East Asia economies have been placing greater weights on the RMB systematically. On the contrary, the currency basket of RMB is more of a technical construction rather than systematic policy operation, as we have not seen evident patterns of weights, or changes in weights, for currencies other than the US dollar.
Conclusions
We employ a Bayesian method to assess the time-varying weights of China's de facto currency basket using daily data for February 2005 to July 2011. By including all the 11 currencies announced by the Chinese authority in the regression, we confirm the general impression of markets and previous literature that the US dollar still dominates other currencies in determining the value of China's RMB, although under the new regime of limited flexibility the weight has been below one during some periods. There
seems not yet to exist a systematic weighting scheme for the Chinese authorities, with little evidence of increasing importance of other major international currencies. The occasionally increasing weights of some East Asian currencies in the RMB basket can be explained largely by the greater importance of a more flexible RMB in determining the currency values of these economies. 
